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fields may have been Sustalned during the whole SEEK-2 observation period. 
In addition, plasma wLlve observations we]'e also carried OLll by lhe PWM inslrument on bozlrd S310-32 ns the firsl 
trial of the plasma wave observtllion in the E~ laye]'. We discovered that lhere were enh~lncements of the VLF and 
ELF plasmLl waves associated with the TMA (trimelhyl alLllninum) operations as wel] as the rocket passages of the 
main Es layers. Although the detai]ed generation mechanism of these p]asma walves is the subjecr for the future 
study, the plasma wave obse]'vatlon results also supporLed lhe hypolhesis of the electromagnetic et'fect in the 
formation of upper main Es layers. 
Since the complex Es structures were commonly detected in four profiles obtained by NEI instruments , SLlch 
structures seemed to be expLlnded horizontally with ils sca]e size of mo]~e than one hundred km. The Es structure 
seemed stable, at letlst within a time period of' more than 15 min. The comparison with the tota] eleclron content 
(TF.C) measured by the Dual Band Beacon experimenl showed that the Es layer is a]so modulated in the horizonta] 
direction with the scale size of ~30-40 km. Difference between the strLLclures of main Es layers probably l~elated with 
Such horizontal homo*"*eneity of lhe Es layers. 
In Chapter 3, the instrumental development anci observation result obtained during the DELTA (Dynamics ~md 
Energetics of the Lower Thermosphe]'e in Aurora) campaig*n, which was carried out 13 December, 2004, is 
described. The DELTA campaign aimed to obtain accurt[te heating rates and to compalre cluantitatively wilh the 
atmosphere temperature and wind measured by using the S310-35 sounding rocket. EISCAT radar, FPI (Fab]-y-Perot 
I ntert'erometer) 2~nd other ground-based i nstrulT]en ts, 
A dlrect eiectron density nleasurement was carried oul during the DELTA campaign in disturbed stLrte of polar 
ionosphere by using the NEI instrument. The result of the NEI observLltlon showed significant density enhancements 
due to lhe ntrtural auroral ionization tls well as artificial ionization. Due to highly disturbed plasma state, NEI dnta 
had dala gaps where the electron denslty was higher than the measurable freqLLency range for the detection ot' the 
UHR (Upper Hybrid Resonance) frequency. We tried the detaliled anatlysis of fLlll datal of the imped,ance probe not 
only lo fi]1 the data gaps but ~l]so to identify the ionization due to natu]~al and arlificial origin. We analyzed the 
variation of SHR (Shearth Resonance) frequency as well as the sheath capacitance (Cs) of the impednnce probe. The 
results i'rom SHR am~tlysis sL]ggested that there w2ls a maximum electron density of 2 X l0=' cm J at an altitude of 98.9 
km. due to a]'tificial lonizations. In addition, the quantitative evaluation of the artificia] ionization effect showed thalt 
il was possible to cause sufficient ionization for the obse]'ved enhancement of electron density. The resu]ts fr()m Cs 
analysis indicated that this a]'tificial ionizalion region covered the altitude range from 97 to I Ior km in the ascending 
phase. The enhancemenl of e]ectron density in the altitude rilnge t'rom 124 to 132 km was identified as naturttl 
ionization due to auroral precipitation. The occurrence of aL]roral precipitation is tllso pointed out by the partic]e 
obsel~/ation of APD (Aurorai Particle Detector) instrument. For the Cs analysis, the eft~ct of potentia] change was 
Ltlso examined quantltativeiy. It was shown thalt we could assume the sha]'p boundary of plasma xheath whe]'e 
electron density reache~ 87 (~70 of the background density. The EISCAT dtrta did not show good agreements with the 
height p]~ofiles of the rocket results during the ascending phase. In the descending phase, on the other hand, 
observation was largely affected by the rocket wake. Such effects were able to be eliminated by referring to the spin 
phase angle data (namely, selecting the ram di]'ection) during the flight. After eliminating the wake effect, the 
electron density profile during the descending phase was regarc]ed as the profile of auroral ionosphere. The electron 
density proflle during the descending phase showed *2:ood agreement with the EISCAT observation results. The 
 atmospheric conductivities which were deduced f]･om the present observation showed significant enhancemenl of 










































































th~tt measL[red profi]es inclucied the horizontal structure of aui~orai arc by referring the FPI and APD dtrta. These 
conductivity valiues may contribute an evaluation of' the eff'ects of Joule heating of' this altitude l~ange during the 
DELTA camp~tign. 
 Chalpter 4･ gives resLLlts ot' the f'urther cieveloptnent of impedance probe. In the previous instrumentation for the 
SEEK-2 and DELTA (name]y, ordinary type impedance pi'obe), the impedance probe showed an observation limit 
thLlt it could not c[etect ihe fine structure of plasma irregularity due to the plasma instabiiities. Detection of fine 
structure of the plasma density becomes very 111Llch important to understand the physical processes *o*enerated in the 
ionosphere. So, accurate observation of t'ine structure of plasmtt distribut[on with absolute value is essential to study 
the electro-dynamics in the ionosphere. 
We triec[ to develop the phase detection type ilT]pedalnce probe by using PLL (Phase Locked Loop) method. The 
methodology of phLlse detection type was confirmed in laboratory and space science chamber. Based on these 
experiments, we clarified that it was possible to detect the phase shift at UHR anci SHR frequencies. However, in the 
space chamber experiment, the phase shirt showed dif'ference f'i'om the simulation results by using LC resonant 
circult in lhe laboratory experiment. Also lhe results of' simulalion by uslng the Micro-Cap V CQ sug_~:esteci that this 
dii'ference seemed to be dLie to the collision ef'f'ect in space chamber. Quantitative evalu~ltion aboL[t the collision 
effect should be examined in future works. Finally, we achieved to m~tke the continuous detection of UHR frequency 
by using the PLL operation. In comparison wllh the ordlnary type impedance probe, it was shown that the locked 
frequency changed in correspondence with the eleclron density varlation inside rhe space chamber. The UHR 
frequency inciicated by phase detection mode showed lower valL[e (ll 9fr' at lhe most) than the UHR detecteci by the 
swept frequency mode. It is also neecied to evaluale the lime resolution of UHR frequency for development works in 
the near future. 
As ll has been discL[ssed in this thesis, furlher extencied physical qLLantities of space plasma are possible to be 
mettsu]'ed by using the methocl of the impedance probe. It Is necessatry to keep cievelopment activiries of the 
lrr]pedance probe for extendeci LlpPlicLution in the future exploration of planetary environment. 
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 論文審査の結果の要旨
 地球周辺の宇宙空間はプラズマで満たされており,地球に最も近い領域には電離圏と呼ばれる電磁気
 学,プラズマ物理学,大気物理化学が複雑に作用し合う比較的高密度プラズマの領域が存在する。20世
 紀初頭における発見以来,電離圏研究は長い研究の歴史を持つが,宇宙飛翔体観測の実用化をはじめと
 する観測手法の発展と共にその複雑な様相は次第に理解されてきた歴史を持っている。ロケットや人工
 衛星など宇宙飛翔体を用いる直接観測は電離層プラズマを直接探査する重要な方法論として,各種のレ
 ーダ観測が飛躍的発達した今日においてもますますその重要度は増している。電離層プラズマの基本物
 理量であるプラズマ密度計測はラングミュアー・プローブの原理を用いた電流検出型の計測が今なお多
 くの観測に用いられているが,我が国が独白に開発したインピーダンス・プローブ法(Oya,1966)は,高域
 ハイブリッド共鳴(UHR)周波数を検出する方法として,周辺プラズマの擾乱状態によらずプラズマ全電子
 数を計測することのできる優れた特徴を持ち合わせており,プラズマ擾乱時のプラズマ計測として大き
 な可能性を持つ方法論とされている。
 本博士論文は電離圏E層付近に現れるスポラディックE(Es)層の生成メカニズムを解明する観測プ
 ロジェクト(SEEK2),並びにオーロラ粒子降下に伴う電離圏加熱を解明する観測プロジェクト(DELTA)
 に参加して,インピーダンス・プローブによるプラズマ密度計測を担当し,これらの機器開発とデータ
 解析研究の成果をまとめ,さらに将来におけるロケット観測を目指した新型プローブ開発の基礎研究の
 成果を示した物である。
 本論文では,それぞれの観測プロジェクトの目的に最適化した装置を,最新の回路技術を用いて開発
 し,極めて信頼性の高いロケット観測を実現することができている。SEEK2プロジェクトに参加しての
 観測研究では特にディジタルシンセサイザーの採用によるテレメータ資源の濡用や,インピーダンス・
 ブリッジ部の改良によってプローブの取り付け位置に関する制約条件を取り除き,航跡効果のない極め
 て良質のデータを取得することに成功した。このデータを用いて,これまでにないEs層構造の詳細な解
 析と電場や中性風観測データと厳密な比較を行うことで,Es層の形成メカニズムに中性風のシアだけで
 なく電場の効果が影響して時間変動の激しいレイヤーが形成されている様相を示すことができた。
 本論文ではまた,極域電離圏の加熱過程を究明するためのDELTAプロジェクトによるロケット観測に
 おいてインピーダンス・プローブを用いたプラズマ密度計測を実施した。ここでは高エネルギーオーロ
 ラ粒子並びに同時測定の観測装置が発生する人工的な高エネルギー電子ビームがプラズマ計測に及ぼす
 影響を精密に議論し,自然のプラズマ状態で得られた測定値の範囲を確定することに成功した。この際,
 本博士論文においてはUHR周波数の検出のみならずシース共鳴周波数やシース容量など,プラズマ中の
 アンテナインピーダンス計測による多くの情報を駆使して,オーロラ電子降下域の同定並びに人工電子
 ビームの影響域を同定した。このことでロケット観測によって得られた電離圏電気伝導度の値を極めて
 信頼性の高い物とする事ができた。
 本論文ではさらに,インピーダンス・プローブによって計測可能な位相データに着目し,このデータ
 を用いることでUHR周波数を自動追尾する新型のインピーダンス・プローブの着想を得て,新型のイン
 ピーダンス・プローブを実用化するための基礎研究を実施した、、本博士論文では回路検討並びに実験室
 実験による原理の実証までを行うことができて,基礎研究の目的を達成することとなった。
 本博士論文の主たる成果はこれまでの学術誌掲載論文,国内外の学会・研究会を通じての研究成果の
 公表実績などを有している。これは著者が自立して研究活動を行うに必要な高度の研究能力と学識を有
 することを示している。従って若林誠提出の博士論文は,博士(理学)の学位論文として合格と認める。
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